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Abstract
Regressionequationsare used to estimatedry weight

andcompositionof logging residueremainingafter harvest-
ing a natural, uneven-ageloblolly standto various mer-
chantabletops. Resultsindicatethat if the sale treeswere
harvestedto a 6-inch DIE top, 526 pounds of dry logging
residuewould reman for everydry ton of wood and bark
removed. Logging the sale to a 4-inch top would reduce
logging residueto 392 pounds per ton of wood and bark
logged,andlogging to a 2-inch top plus utllzing limbs ~2
inchesin diameterwould leaveonly 200 poundsof residue
per ton of wood andbarklogged.

B ECAUSE DEMANDS FOR WOOD are rapidly approaching
projected supplies, forest industries are keenly in-

terestedin minimizing the amount of wood residuesleft
after logging. But to utilize most or all of the tree, these
industries must know what proportion of the biomass is
residueandwhat proportionsof the residuearewood, bark,
and needles. This paper reports such information for an
uneven-age,naturalstandof loblolly pine (Pious iaeda L.)
in centralAlabama.

Prediction equationsdevelopedon an independent
sample were used to determine the abovegrounddry
weight of a loblolly pine sawtimbersaleand to estimate
the weight and composition of logging residues if the
salewere logged to different merchantablelimits. The
regressionequationsand residuedata presentedin this
paperare applicable only to standssimilar to the one
sampled.

Procedure

Biomass prediction equationswere developedfrom
a stratified sample of 35 loblolly pine sawtimbertrees.
Theequationswere thendemonstratedon 311 sawtimber
trees marked for sale in a similar stand. The sample
treesaveraged15.1 inchesDBH and 61 feet to a 6-inch
DIB merchantabletop (Table 1).

After felling and limbing, the main stem of each
sample tree was divided into merchantablesaw logs (to
a 6-inch DIB top) andpulpwood (6-inch to 2-inch DIB
top). The crown was cut up, and branch material 2
inchesor more in diameter,branch material lessthan 2.0
inchesin diameter,andneedleswere weighed separately.
The tip (2 inchesto the top) of each stem wastreatedas
branchmaterial.

Table 1. — MEANS AND RANGES IN CHARACTERISTICS OF THE 35
LOBLOLLY PINE SAWTIMBER TREES SAMPLED FOR DEVELOPING

PREDICTION EQUATIONS.

Item and unit at measure Mean Range

9.8 - 20.4Diameter breast height (in.l 15.1
Total height ff1.1 87 63 -107

Height to 6-inch lap lft.l 61 40 - 81
Form class 80 72 - 86
Age lyear~ 42 31 - 48

Material in roots and in stumps to a height of 6
incheswasignored, andin this paperthe termstotal tree
or total wood excluderoots andstumps. Greenweights
of the threecrown componentsand pulpwood were de-
termined in the field on a portable 30(1-pound scale.
Merchantablesaw logs were weighed individually at a
nearbywoodyard.

Moisture contentof wood andbark in themain stem
wasdeterminedfrom disks takenat eachsawlog bucking
point andat theheights of 4- and2-inch DIE. Moisture
content of wood andbark in eachcrown componentwas
determined from branch samplestaken randomly from
each branch category. A sample of needleswas taken
for determinationof needlemoisturecontent. Moisture
content sampleswere ovendriedto a constantweight at
103’C, and moisturecontent wascalculatedas a percent-
ageof ovendryweight.

Percentagesof bark in each tree component were
determined on a weight basis from disk and cross
sectionsamples. Greenweights were adjustedto oven-
dry weights on the basis of moisture content found in
samplematerials.

Regressionequationsweredevelopedto predict dry
weight of needles,wood, and bark in various tree com-
ponents using DBH and merchantableheight (height
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to 6-inch DIB or merchantabletop) as the independent
variables. Component weightswere estimatedwith the
normal volume ejuation:

Yrzbo+bsD’MH

Where: Y — dry weight of componentin pounds
D — DBH in inches

MH — merchantableheight in feet to 6-inch top.

Piottings of thedata indicateda heterogeneousvariance,
thus the logarithmic form of the normal volume equa-
tion was used to make the variance more nearly homo-
geneous. The dry weight of each tree component was
estimatedusing theequation:

Log
1sY~bs+b:Log:sD’MH

Table 2. — FREQUENCY DISTRIBUTION OF LOBLOLLY PINE SALE
TREES IN A NATURAL, CLOSED, UNEVEN-AGE STAND IN

CENTRAL ALABAMA.

DBH
class
(in.)

Merchantableheight in feet (6-in. topI All
heights17 25 33 41 49 57 65 73 81

(number)

10
11 2 4 7 10 17 2 3 45
12 2 1 8 19 14 12 7 63
13 1 2 6 15 13 17 2 1 57
14 1 2 4 6 13 9 3 38
15 1 4 12 7 3 1 28
16 1 1 4 4 8 2 4 24
17 3 6 3 5 17
18 1 2 7 1 1 12

19 1 2 3 1 6 13
20 4 1 5
21 1 2 3 6
22 1 2 3

Total 311

The equationsweredemonstratedon a loblolly pine
timber sale in central Alabamain a standsimilar to thai
sampledto develop the prediction equations. The sale
consistedof 311 trees, 11 to 22 inchesin diameter,and

[1] containedan estimated50,458board feet. The average
DBH of the sale trees was 14 inches, and the average
merchantableheight was49 feet (Table2).

Estimated dry weights of the various tree com-
ponentsweresummarizedto indicate amountsof wood,
bark,and needlesutilized or left as residueby harvesting
to four different merchantablelimits: 1) saw logs only
to a 6-inch DIB top; 2) saw logs to 6-inch DIB top plus
pulpwood to 4-inch DIB top; 3) all stem material to a

[2] 2-inch DIB top; and 4) all stem material to a 2-inch
DIB top plus all limbs ~2.0 inchesin diameter.

Results

RegressionEquations
Eleven regressionequationswere developedin this

study. Six of theseequationspredict the dry weight of
stemwoodand stembarkto threedifferent merchantable
heights (6-, 4-, and 2-inch DIB), andfive predictthedry
weight of branchwood,branchbark,and needlesin the
crown.

The equationsaccountedfor 95 to 98 percentof the
variation associatedwith regressionin the dry weight of
stemwoodand stembark,and for 74 to 84 percentof the
variation in the dry weight of branchwood,branchbark,
and needles (Table 3). Coefficientsof variation show
that bark dry weight of eachtree componentwasconsider-
ably more variable than dry weight of wood. Of all com-

p~i~ei~ts measured,dry weight of bark from branches~2.0
itlcheS DOB varied most.
Tree Biomass

The averageovendryweights of sampletrees10 to
20 inchesDBH andtheir componentparts areshown in
Table 4, together with the relative proportions of the
components. The averageweight of a complete tree

Table3.— COEFFICIENTSOF DETERMINATION, STANDARD ERRORS,COEFFICIENTSOF VARIATION, AND

REGRESSIONEQUATIONS FOR ESTIMATING DRY WEIGHT OF VARIOUS TREE COMPONENTSFOR
LOBLOLLY PINE TREES 10 TO 20 INCHES DBH.

Coeffi- Sid. Coeffi
cIent of error dent of

Tree component Regressionequation’ determino- of esti- variation

Slemwoodto 6-in. DIB top
Stembark1o6-In. DIB tap

StemwoodIa 4-In. DIB lop
Stembarkto 4-In. DIB top
Stemwoodto 2-in. DIB top
Stembarkto 2-In. 018 top

All branchwood
All branchbark
Branchwoodof branches~2.0 in. DOB
Branchbarkof branches~2.0 in. DOB
Needles

tlan (RI mate (%)

Log,sY~—0.73110+0.91718 Log:~D’MH
Lag:oYz~—1.04450+O.

76746 Log,sD2MH

Log,sY~—0.53811+0.8757O LagisD’MH
Lag:oY~—0.86476+0.72913 Log:uD’MH
Log,sYzz—0.47771+0.86208 Log:sD’MH
Log:sY~—0.80981+0.7l6B9 Log,sD2MH

LogssY~—2.20575+1.065O9 Lag:sD’MH
LogssY~z—1.76732+O.BllOO Log,oD’MH
LogssY~—3.52801±1.327O4Log:sD2MH
LogisY~z—3.36608+1.099OS Log:sD2MH
Log,sY~z—1.58383+0.8O387 Log:sD2MH

0.98
0.95

0.97
0.95
0.97
0.95

0.83
0.74
0.84
0.76
0.78

0.0407
0.0511
0.0446
0.0514
0.0450
0.0509
0.1443
0.1438
0.1742
0.1873
0.1273

1.3
2.4
1.5
2.4
1.5
2.4
6.6
9.2
9.0

16.3
7.4

‘LogssYzzbo+b:Log:sD’MH

Where: Y — dry weight of components in pounds
D — diameter at breast height in inches

MH = merhanloble height to 6-in. DIB lap in feet
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Table 4.— AVERAGEOVENORY WEIGHT OF COMPLETELOBLOLLY

PINE TREES 10 TO 20 INCHES DBH AND THE PROPORTIONOF
COMPONENT PARTS IN THE NEEDLES, BRANCHES,

AND MAIN STEM.

DBH
class
(in.)

Trees
sam-
pled

Weight Praportion
Nee- Main
dies Branches stemTotal

Nee- Main
cUes Brandies stem

(No.1 (lbs.)

COMPLETE TREE

- - - (percent) - - -

10
12

14
16
18

20

6
6

6
6
6

6

646
862

1,483
1,988
2,430

3,345

22 63 561
39 103 720

53 172 1,258
65 251 1,672
93 359 1,978

95 470 2,780

3 10 87
5 12 84

4 12 85
3 13 84
4 15 81

3 14 83

CROWN ONLY

10
12
14

16
18
20

6
6
6

6
6
6

85
142
225

316
452
565

22 63 —
39 103 —
53 172 —

65 251 —
93 359 —
95 470 —

26 74 —
27 73 —
24 76 —.

21 79 —
21 79 —
17 83 —

ranged from 646 pounds for a 10-inch tree to 3,345
pounds for a 20-inch tree. In 10-inch trees, 22 pounds
were in needles,63 pounds in branches,and 561 pounds
in the main stem, comparedto 95 pounds in needles,470
pounds in branches,and 2,780 pounds in the main stem
in 20-inch trees. Green weights of the various tree
componentscanbecalculatedfrom thefollowing average
moisture-contentvalues: stemwood,108 percent; branch-
wood, 102 percent; stembark, 65 percent; branchbark,
115 percent;andneedles,105 percent.

The relative weights of stems, crowns, and branch
materialsvary with tree size (Table 4). This variability
is associatedto someextentwith relativeposition of the
treesin the canopyof uneven-agestands. The propor-
tion of tree dry weight in crown materialsincreasedwith
increasingtree size due to an increasein theproportion
of large branchesin larger trees. Needle weight as a
proportionof total treeweight did not vary significantly
with treesizeandaveragedonly 3 to 5 percent.

Branchesaccountedfor most of the crown weight—
74 percentin small trees and 83 percent in large trees.

Whenneedleweightswereexcluded,theproportion
of total wood increased slightly (about 3 percentage
points) as tree size increased. Ten-inch trees had 87
percent of their dry weight in wood and 13 percent in
bark; 20-inch treescontained90 percentwood and only
10 percentbark (Table 5).

Dry weightsof themain stem varied with tree size
in much thesameway as did total-tree weights. In the
main stem alone, the wood proportion rangedfrom 88
to 91 percentwood and bark proportion from 12 to 9
percent. The changewith increasingtree sizeagainwas
3 percentagepoints.

Thepercentageof bark in brancheswas about twice
as much as in the complete tree or the main stem.
Branchesin small trees had 24 percent bark, whereas
thosein the larger treeshad 16 percent. Proportion of

Table 5. — AVERAGE OVENDRY WEIGHT AND PROPORTiONOF

WOOD AND BARK IN COMPLETE LOBLOLLY PINE TREES10
TO 20 INCHES DBH AND TREE COMPONENT PARTS.

DBH
class
(in.)

Trees
sampled

Weight Proportion
Wood BarkTotal Wood Bark

(No.1 (lbs.)

COMPLETE TREE

- percent -

10
12
14
16
18

20

6
6
6
6
6

6

624 542
823 714

1,430 1,264
1,923 1,703
2,337 2,068

3,250 2,925

82
109
166
220
269

325

87 13
87 13
88 12
89 11
88 12

90 10

MAIN STEM

10
12
14
16
18
20

6
6
6
6
6
6

561 494
720 636

1,258 1,123
1,672 1,501
1,978 1,778
2,780 2,529

67
84

135
171
200
251

88 12
88 12
89 11
90 10
90 10
91 9

10
12
14
16

18
20

6
6
6
6

6
6

BRANCHES ONLY

63 48
103 78
172 141
251 202

359 290
470 396

15
25
31
49

69
74

76 24
76 24
82 18
80 20

81 19
84 16

wood in branchesranged from 76 percent in the small
treesto 84 percentin the larger trees.

BiomassRemovedby Logging

The proportion of wood removed in logging if the
35 sampletreeswereharvestedto different merchantable
limits is illustratedin Figure 1. I.n harvestingto a 6-inch
top, the proportion of wood removed would increase
with tree size up to 14 to 16 inches DBH, and then
decreaseas the treesbecamelarger.

If sawlogs andpulpwood to a 4- or 2-inch top were
logged,theproportionof wood removedwould decrease
as tree size increased. Ninety-one percent of the dry
wood in 10-inch trees would be removed when logging
to a 2-inch top, whereasonly 86 percent of wood in
20-inch trees would be removed. The decreasein pro-
portion of wood removed as tree size increasesis as-
sociated with the increase in amount of large branches.
Tree-lengthlogging to a 2-inch top, including all limbs
2.0 inchesin diameteror larger, would remove94 to 96
percentof all the wood in loblolly pines 10 to 20 inches
DBH.

EstimatedBiomassLeft asLogging Residue

The datain Tables4 and 5 andin Figure 1 clearly
indicate that the main stem and branch componentsof
the total tree vary with tree size. Thus, reasonablyac-
curateestimatesof logging residuefor anynatural,uneven-
agestand require considerationof the sizes of the treesto
becut as well as themerchantablelimit to which thestand
will beharvested.

With the regressionequations developed in this
study, logging residuecan be estimatedbefore or after
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Figure 1. — Proportionof wood in labIally pine sampletrees
removedby logging to variousmerchantableheights.

logging if data on stand composition are available.
These equations permit estimates of residue in each
crown componentas well as totals. Such information
is needed by anyone who is planning to use these
materials

To illustrate how logging to different merchantable
limits affectsweight andcompositionof logging residue
in a natural, uneven-agestand, the regressionequations
developed were applied to 311 sale trees whose size
andfrequencydistribution areshownin Table 2.

The total dry weight of these sale trees was esti-
matedto be 385,928 poundsor about193 tons. Basedon
the regressionestimates,85 percent (164 tons) of the
total dry weight is wood, 11.6 percent (22.4 tons) is
bark, and 3.4 percent (6.6 tons) is needles. When con-
sidering stem and crown portions of the sale trees
separately,75.6 percent of the sale dry weight is esti-

matedto be stemwood,9.4 percentbranchwood,9.2 per-
cent stembark, and 2.4 percent branchbark. Table 6
shows estimated weights, compositions, and ratios of
abovegroundbiomass logged and left when harvesting
thetimber to different merchantablelimits.

If the timber salewere harvestedto a 6-inch top,
82.9 percentof the 164 tons of wood in the sak would
be removed from the forest for utilization. Approxi-
mately 526 poundsof dry logging residueswould remain
in the woods for every dry ton of wood and bark re-
moved. The logged-to-residueratio would be 3.8:1.

Each ton logged would contain 89.3 percentwood and
10.7 percent bark. The composition of the logging
residuewould be 69.2 percentwood, 14.4 percentbark,
and16.4 percentneedles.

Utilization to a 4-inch top would remove 87.8 per-
cent, or 144 tons, of wood and reducethe amount of
residue on site by 23 percent. Approximately 392

20 pounds of logging residue would remain in the forest
for each dry ton logged. The logged-to-residueratio
would improve from 3.8:1 to 5.1:1. An additional 1.3

pounds of wood and bark would be removedfrom the
site for everypoundleft as logging residue.

Harvesting to a 2-inch top would remove 89 per-
cent, or 146 tons, of wood from the sale, leaving 11

percentof dry wood as residue. The logged-to-residue
ratio would increase to 5.5:1. About 364 pounds of
logging residuewould remain in the woods for every
ton of dry woodandbarkremoved.

Logging all stem material to a 2-inch top plus all
limb material ~‘2 inchesin diameter would remove 95
percent,or 156tons, of woodand increasethe logged-to-
residueratio to 10:1. Each ton of wood and bark re-
moved from the site for utilization would contain 89 per-
centwood and 11 percentbark. For every ton removed,
200 pounds of logging residuewould remain in the
woods. Only 45.3 percentof the residuewould be wood,
16.8percentbark, and37.9percentneedles.

If each sale tree were harvestedby the total tree
concept,theoretically,all wood, bark, and needlesin the
sale (193 tons) would be utilized. Under this assump-
tion, each dry ton utilized would contain 85 percent
wood, 11.6 percentbark, and3.4 percentneedles.

Table6.— ESTIMATED WEIGHT, COMPOSITION, AND RATIO OF 810MASS LOGGED TO BIOMASS LEFT AS RESIDUE WHEN A LOBLOLLY
SAWTIMBER SALE IS HARVESTED TO DIFFERENT MERCHANTABLE LIMITS.

Merchantable limIt

Blomass logged Biomass left as residue
Logged

to

residue
ratio

Dry
weight

Composition Dry
weight

Composition
Wood Bark Needles Wood Bark Needles

(tons) — — — — (percents — — — — (tons) (percent)
6-in. DID top 152.4 89.3 10.7 0 40.6 69.2 14.4 16.4 3.8:1
4-In. DID top 161.6 89.3 10.7 0 31.4 63.3 15.6 21.1 5.1:1
2-in. DID top 163.5 89.2 10.8 0 29.5 61.4 15.9 22.7 5.5:1
2-In. DID top £ limbs ~2-in. DOD 175.4 89.0 11.0 0 17.6 45.3 16.8 37.9 10.0:1
Total tree 193.0 85.0 11.6 3.4 none

1 0 0 0

‘Assuming that no measurable residue would occur.
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